Objectives: We report the results of the visual evoked potentials (VEP) examination in patients after severe poisoning by methanol. Material and Methods: The group of 47 patients (38 males and 9 females) was assembled out of persons who survived an outbreak of poisoning by the methanol adulterated alcohol beverages, which happened in the Czech Republic in 2012-2013. The visual evoked potentials examination was performed using monocular checkerboard pattern-reversal stimulation. Two criteria of abnormality were chosen: missing evoked response, and wave P1 latency > 117 ms. Non-parametric statistical methods (median, range, and the median test) were used to analyze factors influencing the VEP abnormality. Results: The visual evoked potential was abnormal in 20 patients (43%), 5 of them had normal visual acuity on the Snellen chart. The VEP abnormality did not correlate significantly with initial serum concentrations of methanol, formic acid or lactate; however, it showed statistically significant inverse relation to the initial serum pH: the subgroup with the abnormal VEP had significantly lower median pH in comparison with the subgroup with the normal VEP (7.16 vs. 7.34, p = 0.04). The abnormality was not related to chronic alcohol abuse. Conclusions: The visual evoked potentials examination appeared sensitive enough to detected even subclinical impairment of the optic system. Metabolic acidosis is likely to be the key factor related to the development of visual damage induced by methanol. The examination performed with a delay of 1-9 months after the poisoning documented the situation relatively early after the event. It is considered as a baseline for the planned long-term follow-up of the patients, which will make it possible to assess the dynamics of the observed changes, their reversibility, and the occurrence of potential late sequelae.
INTRODUCTION
The damage to the visual system caused by methanol was first described by MacFarlan in 1855 [1] . Initial clinical symptoms of the damage include photophobia, blurred vision, and scotomata. They may end up in total blindness during a few hours or days. Objective signs include dilated nonreactive pupils, hyperemia of the optic discs and visual field defects. The visual evoked potentials (VEP) examination represents one of the methods that enable to detect and characterize damage to the optic system due stimulation frequency of 1.5 c/s, angular size of the monitor 6°×5° from the fixation point, angular size of checkerboard squares 40'. Luminance of the white and black squares was 84 cd/m 2 and 57 cd/m 2 , respectively. Bandwidth of the amplifier was 1 Hz -1 kHz, The evoked response was registered from the Oz-Fz derivation. Two hundred epochs were averaged. Each eye was examined twice in order to check reproducibility of the evoked complex. We evaluated latencies of waves N1, P1, and N2, and amplitudes N1P1 and P1N2. The values measured for patients were compared with our laboratory reference values determined as the central 95% interquartile interval of data measured for a group of 30 healthy individuals. Two criteria of abnormality were chosen: non-elicitable evoked response and wave P1 latency above the upper limit of our laboratory norm, i.e. 117 ms. The result of the examination of a patient was categorized as abnormal if at least 1 of the above-mentioned criteria was fulfilled at least for 1 eye. Using the Kolmogorov-Smirnov Goodness-of-Fit Test to test normality, we found that the distribution of many quantitative parameters significantly differed from the normal Gaussian distribution. Therefore, we chose non-parametric methods for the statistical analysis, namely the median and the range as descriptive statistics, and the median test to perform comparisons of the medians of various quantitative parameters in 2 independent groups. The level of statistical significance was set at p ≤ 0.05.
RESULTS
The Table 1 gives demographic characteristics of the patients and some measures of methanol poisoning severity as they were recorded at the initial admission to hospital, save for carbohydrate deficient transferring (CDT) level, as a marker of long-term alcohol abuse, which was determined on the day of the VEP examination. The differences between males and females did not reach statistical significance for any of the parameters.
to methanol poisoning. The visual evoked potentials examination is testing the functional integrity of the visual pathway from the retina to the cortical projection areas in the occipital lobe of the brain. The visual evoked potentials are sensitive to detect even a subclinical dysfunction of the generator structures. Moreover, the method is noninvasive and relatively non-demanding from the technical point of view, which makes it suitable for screening purposes and longitudinal monitoring. We had the opportunity to perform the VEP examination in a group of patients who survived the outbreak of methanol poisoning which happened in the Czech Republic in 2012-2013. Counting 47 patients, our group is the largest one so far published in the literature. Our goal was to describe the pattern of the VEP changes in the patients. The results will serve, among others, as a baseline for the intended long-term follow-up of the group. Clinical and biochemical aspects of the cases as well as the results of other clinical tests were covered by other publications [2, 3] . Results of the VEP examination were evaluated as normal for 27 patients (57%), and as abnormal for 20 patients (43%), as shown in the Table 2 . The abnormal results were relatively more frequent in males (45%) than in females (33%); however, the difference did not reach statistical significance. Abnormality consisted in unelicitable evoked response in 3 cases, and in latency prolongation in 17 cases, which was combined with the decrease in 
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475 the abnormality consisted in latency prolongation, which was combined with the decrease in the amplitude in 6 cases. As it is known, wave latency is associated with conduction velocity of nerve fibers, and this is related to the status of the myelin sheaths. Therefore, we suppose that functional and/or structural damage to the myelin sheaths may underlie the pathophysiological mechanism of the observed VEP abnormality in our patients. This assumption is supported by findings by Sharpe (1982) who described morphological changes in the optic nerves in 4 fatal cases of methanol poisoning [6] . He observed demyelination of the retrolaminar part of the optic nerves and preservation of axons. Of course, in cases with significant reduction of the VEP amplitude, we suppose the combination of demyelination and axonal lesion. In our patients, the VEP was examined not sooner than 4 weeks after the event. This time is long enough for the receding of the acute manifestations of the poisoning, such as pseudopapillitis or acute optic neuritis. Therefore, we suppose that our findings reflect rather the long-term visual sequelae of the poisoning. Further, we searched for any possible association between the abnormal VEP and some laboratory parameters of clinical severity of methanol poisoning measured at the initial admission to a hospital. It was only the inverse association namely the initial serum concentration of methanol, formic acid, lactate and pH. As it may be seen, the subgroup with the abnormal VEP showed significantly lower median pH as compared to the subgroup with the normal VEP (7.16 vs. 7.34, p = 0.04). Although the me dians of methanol, formic acid and lactate concentrations were higher in the subgroup with the abnormal VEP as compared to the subgroup with the normal VEP, none of the differences reached statistical significance. Carbohydrate deficient transferring blood level, as an indicator of chronic alcohol abuse, did not differ between the two groups.
DISCUSSION
In our group of 47 patients after methanol poisoning we found the abnormal VEP, as an electrophysiological marker of damage to the visual system, in the case of 20 subjects (43%). Five of them showed normal visual acuity at examination on the Snellen chart. It means that the VEP examination detected subclinical visual damage in these patients. This demonstrated high sensitivity of the VEP examination. There was no statistical difference in frequency of the abnormal VEP between men and women. In 3 cases, the evoked response could not be elicited because of total blindness. In the other 17 cases, have resulted in an increased tolerance to ethanol. Importantly, at least 1/3 of males in our study co-ingested other alcoholic beverages that were not adulterated by methanol (wine, beer) whereas only one female did so. The ensuing competitive inhibition of alcohol dehydrogenase enzyme (ADH-enzyme) by ethanol had protective effect against methanol poisoning. The visual evoked potentials changes, similar to those we have observed in humans, were described in animal experiments on rats using stimulation by flash [10, 11] .
There are also sporadic case reports on the VEP changes in humans after methanol poisoning. McKellar [12] described the decreased VEP amplitude and normal latency for 2 patients with methanol poisoning. Hantson [13] examined the VEP for 19 patients with methanol poisoning within 48 h after hospital admission. He found the abnormal VEP for 14 of them. The abnormality correlated with the pH and serum concentration of the formic acid.
In the case of the patient described by Essama-Mbia [14] the VEP abnormality was detected on the 1st day, and the patient recovered on the control examination on the 8th day under fomepizol treatment. Brahmi [15] examined the VEP for 7 patients after the outbreak of methanol poisonings in Tunisia in [2003] [2004] . The abnormal VEP was found in the case of 2 of them. In the case described by Gupta [16] , an asymmetrical wave P1 latency prolongation was observed. Thus, our findings are in agreement with those described in the literature. In comparison with the above cited human data, our group is unique in terms of its size, detailed characterization of clinical parameters of poisoning severity and thorough analysis of the VEP results.
Since the observed VEP changes probably mainly reflect demyelination and may be functional in character, they are likely to be at least partly reversible. The speculation is supported by some data in the literature. Scrimgeour [17] described a patient who developed complete blindness on both eyes having drunk about 100 ml of between the serum pH and the VEP abnormality that reached statistical significance (p = 0.04). Therefore, it seems that the key factor related to the development of the VEP abnormality is the metabolic acidosis induced by methanol metabolism. On the contrary, since the occurrence of the VEP abnormality did not correlate with the CDT level determined on the day of the VEP examination, we suppose that the VEP changes were not linked to the chronic alcohol abuse. In our group, both genders were represented, with the prevalence of males (38 vs. 9), which was described in methanol poisoning outbreaks also in other countries, e.g., in Estonia or in Norway [7, 8] . There were differences between males and females both in parameters describing severity of the poisoning (Table 3 ) and in the frequency of the VEP abnormality. The median values of the serum methanol, formic acid, and lactate concentrations at admission were higher for females than for males, and the median pH value in serum was lower for females than for males. However, despite the fact that the median values of the indicators of the poisoning severity were more serious for females than for males, the frequency of the VEP abnormality was higher for males than for females (45% vs. 33%). So the gender differences were inconsistent. Moreover, none of the differences reached statistical significance. Therefore, we consider them just as chance variations. Neither the gender differences in the treatment outcomes or the health sequelae of the poisoning, which we analyzed in another study, showed statistical significance [9] . The above described differences between males and females might be related to the gender differences in alcohol consumption patterns. Typically, females got poisoned during sporadic, out of the ordinary drinking of a few "glasses." In contrast, males were commonly used to consuming alcoholic beverages for longer periods, sometimes for several consecutive days ("binge drinking"), which may [18] . The fact that the visual damage constitutes one of the most striking and regular components of the clinical picture of methanol poisoning is noteworthy. The optic nerve is known to be highly sensitive to impairment of adenosine triphosphate (ATP) production. The sensitivity is related to the fact that axons of the optic nerve are relatively long and their diameter is small, which makes mitochondrial transport difficult [19] . Especially the prelaminar, nonmyelinated segment of the optic nerve with high concentration of mitochondria may be considered to be fragile "chokepoint" [20] . The retina is among the most demanding body tissues in terms of the relative oxygen consumption. In this aspect it is even more demanding than the brain is [21] . Moreover, the eye selectively accumulates the formic acid derived from methanol because the oxidation of the formate in the eye is slower than it is in the brain. It was found that the concentration of formic acid in the vitreous humor and in the retina may be higher by 50% than in the retrolaminar segment of the optic nerve and in the brain [22] . Formic acid inhibits cytochrome oxidase c. The inhibition leads to the impairment of oxidative phosphorylation, to the disruption of the ATP production and to an energetic crisis in the cell. The structural elements of the retina showing earliest signs of damage are the Müller glial cells. In agreement with this, the decrease in the amplitude of the ERG wave b, which is generated by those cells, was observed [10, 11] . The harmful effect of methanol is probably primarily retinotoxic.
